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INTRODUCTION 

In t h e  Hall-Heroult Process f o r  producing aluminum, alumina dissolved i n  

Anodes a r e  made by miXing about 18 per cent  binder with 
molten c r y o l i t e  a t  950-1000% i s  e lec t ro lyzed  us ing  a carbon l ined  c e l l  as  cathode 
and baked carbon as  anode. 
82 per cent  carefu l ly  s ized  calcined p t r o l e u m  coke and molding a green block, which 
i s  subsequently baked a t  llOOo in  an i n e r t  atmosphere t o  coke t h e  binder.  

During e l e c t r o l y s i s  the  anode i n  slowly consumed. Carbon consumption is 
caused by: (1) combination of carbon with the  oqygen released a t  the anode, 
combination of carbon with CO;, i n i t i a l l y  formed, 
of t h e  anode, and 
i n t o  t h e  bath i f  the binder coke i s  more r e a c t i v e  than t h e  petroleum coke. 
t h e  f i r s t  are atrongly a f f e c t e d  by t h e  r e a c t i v i t y  of t h e  carbon anode, and t h i s  in 
turn  i s  dependent on the  q u a l i t y  of t h e  coke formed by t h e  binder. 

(2) f u r t h e r  
(3) air-burning of t h e  exposed t o p  

(4) d i s i n t e g r a t i o n  caused by p a r t i c l e s  of petroleum coke f a l l i n g  
All b u t  

Numerous t e s t s  have been proposed f o r  charac te r iz ing  binders. 
been reviewed comprehensively by Thomas3 and somewhat more c r i t i c a l l y  by 'deiler4. 
It i s  genera l ly  agreed t h a t  t h e  binder  should meet a sof tening point  requirement f o r  
ease of processing, must have a low ash content  to  prevent contamination of  the  ba th  
and a l s o  t o  avoid catalyzing carbon r e a c t i v i t y ,  and should be low in sulfur because 
of corrosion problems. 
reac t ive  anode w i t h  good e l e c t r i c a l  conductivity.  
i s  very aromatic and meets a l l  t h e s e  requirements. It is t h e  binder used almost 
exclusively i n  the  United S ta tes .  
mater ia ls ,  such as those der ived from petroleum, can be blended with coke-oven p i t c h  
t o  produce anodes equivalent in a l l  s i g n i f i c a n t  proper t ies  t o  conventional anodes. 

They have 

In addi t ion ,  high a romat ic i ty1  i s  des i rab le  t o  form a l e s s  
Coke-oven p i tch  derived from c o a l  

We have now found t h a t  c e r t a i n  less-armatic 

ANALYTICAL F'ROCEDLIRES 

Softening Point  

'Cube-in-air method. B a r r e t t  Test  No. D-7, Al l ied Chemical and Dye 
Corporation, New York, New York. 

Reac t iv i tx  

Sodium sulfate  r e a c t i v i t y  i s  t h e  l o s s  i n  weight on immersing a 1-in. 
cylinder of carbon 0.5-in. long f o r  30 minutes i n  sodium sulphate  a t  980°C. 
is oxidized by molten sodium sulphate2. 
binder i s  always run with t h i s  t e s t  f o r  comparison. 
s ince for some of the  e a r l i e r  t e s t s  the procedure was modified s l i g h t l y .  

Carbon 

Both r e s u l t s  a r e  reported here  
A reference carbon containing a standard 

Infrared Index of Aromaticity 

This  is taken as the  r a t i o  of t h e  a l i p h a t i c  t ransmit tance a t  3.4 1;icrons 
. .  
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l i i lrared Index of Aromaticity 

ciividzd b:- 'tile aro!r!ntic t r a ! ~ s ~ . i t t a n c e  a t  3.3 riicrons as previousl:.r described1. 

14.scibil i tg Test 

, This t e s t  measures t h e  compat ib i l i ty  of a binder with coke-oven tar. A 
1:l i:;j;cture of t!ie biqder under t es t  and coke-oven tar i s  heated about 30 degrees above 
t h e  softanin: point.  
on 3 ho t  p l a t e  a id  covered with a cover &ass. 
applied to  the  cover g l a s s  t o  reduce t h e  fib; th ickness  so  t h a t  it w i l l  transr?At l i g h t .  
Niei? viewed under t!ie ixicroscope a t  200X, absence of f loccu la t ion  of t h e  C - I  p a r t i c l e s  
n o r i d l y  present  i n  coke-oven p i t c h  ind ica t e s  compat ib i l i ty  of t he  binder.  

A s n l a l l  d rop le t  i s  t ranszer red  t o  a warp. g l a s s  ndcroscope s l i d e  
)mi le  s t i l l  warm, s l i g h t  pressure i s  

A t y p i c a l  ana lys i s  of coke-oven p i t c h  binder f o r  prebaked e l ec t rodes  i s  
given i n  Table I. The softening poin t  corresponds t o  about 215-239F ring-and-ball. 

TACIA I 

TYPICAL PiZowImis OF COI'J-om 1 

PITCIi 61iKZX3 FOR PRi;XAFD A'JODES 

Softening point,  cube-in a i r  105-115 

Sulfur ,  '5 G.5 

Ash, $ c.1 

Infrared index 1.3 

For caroon anodes nade with unblended bmders .  t h e  r e a  t iv i t -c  i nc re  sed 
w i t i i  cecreasin:; a roxa t i c i ty  of tile binder a s  lneasul-ed b;: i n f r a red  index (Figure I). 
t h e  bas i s  of in f ra red  index binders ma;; be divided soxewhat a r b i t r a r i l y  i n t o  t h r e e  
a r c n a t i c i q  c lasses :  

O n  

hixh 01.2), i n t e rxed ia t e  (L.6 t o  1.2) and low (<0.6). 

Coke-oven p i t ch  i s  about t h e  only member of t h i s  class. In prebaked anodes 
a l r x s t  any hi~li-teLiperature, coke-oven p i t c h  can produce a good anode. 

Lit e rzed ia t  e Aro!?at i c  i t y  Tinder s 

Pitches derived f ron  v e r t i c a l  r e t o r t  t a r s  or  o i l -gas  tar, and petroleum 
res idua l s  frci; high teniperature cracking processes f a l l  in t h i s  c lass .  

L0:i krona t i c i ty  Binders 

kiang these  a r e  p i tches  der ived  from low-temperature coa l  t a r ,  so lvent  
e-utracts of p e t r o l e m  and most petroleum res idua ls .  

Lq genera l  low and intermediate a ror ra t ic i ty  b inders  do not  produce good 
anodes and a r e  not  used alone i n  carbon anodes. 
ai.ous?c ol' oil-gas p i t ch  i s  used in 50:50 blends with coke-oven pitch.  

I n  t h e  United S t a t e s  a very minor 
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Low Aromaticity Binders 

. . .  . .  . .  

Ir! a search f o r  low cos t  b inders  der ived  from petroleum, seve ra l  r e s idua l s  
were found which unexpectedly produced good anodes in blends. .  T:?pical laborator:: rz- 
sults a r e  'presented i n  Table 11, and similar good r e s u l t s  have been obtained i n  p l a n t  
operation f o r  s eve ra l  of t hese  binders.  

. . . . . . . . . , ., , 

A l l  in te rmedia te  a romat ic i ty  binders t e s t e d  produced good anodes wken blend- 
ed with coke-oven p i tch .  
have been used f o r  some time i n  anodes. 
cess lng  by high-temperature cracking have become ava i lab le .  
a romat ic i ty  (A and B in  Table 1 1 )  should f ind  app l i ca t ion  blended i n  anode binders. 
of t h e  petroleum res idua l s  t e s t e d  had a romat i c i t i e s  a s  high a s  coke-oven p i tches .  

These results were n o t  unexpected s ince  blends of o i l -cas  p i tch  
Recently r e s idua l s  produced i n  petroleum pro- 

Those having intermedlate 
'.one 

Certain low aromat ic i ty  b inders  when blended with coke-oven p i t c h  produced 
good binders. 
deasphalting of an Ordovician crude and a p i t ch  (D)  derived from low-temperature 
l i g n i t e  tar .  
produced poor bindws.  
was t h e  n i s c i b i l i t y  t e s t .  
produced poor binders (E and F in Figure 2).  
d i spersed  (A and C in Figure 2 )  t h e  blend produced good anodes. 

These included a petroleum r e s i d u a l  (C - Table 11)  produced by propane 

Other low aromat ic i ty  binders,  such a s  air-blown asphal t  (E i n  Table II), 
The only l abora to ry  t e s t  which d i f f e r e n t i a t e d  among these  binders 

Those blends i n  which t h e  C-I  p a r t i c l e s  were f loccula ted  
If t h e  C-I p a r t i c l e s  renained uniformly 

While some of t h e s e  b inders  d id  produce good anodes, t h e i r  t r u e  coking 
This did not seem t o  a f f e c t  values were lower than t h a t  of mke-oven p i t ch  (Table 11).  

t h e i r  u t i l i t y ,  bu t  t h e i r  economic va lue  was lowered s ince  less carbon would be ava i l ab le  
f o r  r eac t ion  with owgen produced a t  t h e  anode in smelting cells .  

CONCLUSION . 

High aromat ic i ty  b inders  can be used alone t o  produce good anodes. 
mediate a romat ic i ty  b inders  blended with coke-oven p i t c h  produced good anodes. 
blends low aromat ic i ty  b inders  which were misc ib le  with coke-oven p i t ch  produced good 
anodes. 

In t e r -  
I n  
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Figure 1 

l o q  Coke 504% - c 50% - A 

50% - F 50$ - E 
Miscibi l i ty  Test Micrographs of Coke Oven 
Pitch Blends (Transmitted Light, 200s) 
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